Interaction between hormones and local humoural factors may play an important role in the growth and maintenance of nerve cells. It is known that neonatal thyroid deficiency results in a retardation of the development of several neurotransmitter systems including the cholinergic system (Patel ef al., 1980) . Current information indicates that nerve growth factor (NGF), which is an accredited trophic factor for certain nerve cell classes in the periphery (Thoenen & Bardi, 1980; Levi-Montalcini, 1982) , also has an influence on some properties of the central cholinergic cells (Gnahn et al., 1983) . Here, we report on the effect of these factors on the development of nerve cells grown in a chemically defined medium from regions containing subcortial cholinergic nuclei.
The medial frontal part of the forebrain, containing the septum and the diagonal band of Broca, was dissected from rats at I7 days of gestation. Dissociated cells were prepared as described previously by Patel & Hunt (1985) with minor modifications. Cells were suspended in chemically defined medium, seeded on dishes coated with poly-L-lysine ( M , > 300 000; 10 pg/ml) and incubated at 37°C in 7% COz in air saturated with water. The chemically defined medium contained three parts of Dulbecco's modified Eagle's to one part Ham's F12 media, and was supplemented with IOOpg of transferrin/ml, 5 pg of insulin/ml, 100 pwputrescine, 30 nwselenium, 20 nwprogesterone. 1 mwpyruvate, 50 units
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of penicillin/ml and 50 pg of streptomycin/ml (Bottenstein & Sato, 1979; Kingsbury et al.. 1985) . Final concentrations of glutamine and KCI were 3 m~ and 4 . 7 5 m~ respectively. Cultures were divided into four groups: controls, 3,3',5-triiodo-L-thyronine (T,) treated, N G F treated, and combined T, and N G F treated. Half of the medium was changed every third day and for experimental groups the media contained appropriate concentrations of humoural factors. N G F was purified from adult mouse submandibular glands in the laboratory of Dr. Hans Thoenen (Gnahn et d . , 1983) . At indicated times in vitro, cells were washed, harvested and homogenized in 50 mM-sodium phosphate buffer, pH 7.4. Whole homogenate was used for the estimation of choline acetyltransferase (ChAT) activity and protein (Patel et al.. 1978) . The characterization of various cell types present in the culture has been made by immunocytochemistry (Raff e f al., 1979) and by acetylcholine esterase histochemistry (Geneser-Jensen & Blackstad, 197 1 ).
At 10 days in vitro, the cultures contained predominantly nerve cells ( > 90%) of which about 15% stained for acetylcholine esterase, while the proportion of astrocytes was less than 1%. During development both specific activity of ChAT and the amount of protein increased markedly in the cholinergic cultures, ChAT activity rising much more than the protein content (Table la) . Exposure of the cultures to T, or N G F increased ChAT activity in a dose dependent manner ( Table Ih) . It would appear that the elevation of ChAT activity was due to an increase in the amount of enzyme per cholinergic cell, since neither treatment with T, nor with N G F had significant effects either on the total protein content of the cultures or on the survival of cells, including the cholinergic neurons. The present results are consistent with previous observations showing a stimulation of ChAT activity after treatment with NGF of cultures of Table I . Choline ucetyItransf&ase (Ch A T ) uctivity and protein contenr in nerve cvlls grown in chemically defined medium ,from regions containing subcortical cholinergic nuclei Primary cultures of nerve cells derived from the septal-diagonal band region of 17-dayold embroyonic rat brain and grown in a chemically defined medium for 10 days. In experimental groups the medium was supplemented with appropriate concentrations of T, or NGF, separately or together. The whole homogenate of the cells was used for the estimation of ChAT activity and protein (Patel et al., 1978) . The data were subjected to analysis of variance. The values are means s.E.M., or in the case of two observations, the difference between the higher and lower value and the mean. Significant differences between mean values of the control and experimental groups: * P < 0.01. 
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619th MEETING. CAMBRIDGE dissociated cells or explants from foetal septa1 or striatal areas grown in serum-containing media (Hefti et a[., 1985; Martinez et a[., 1985) , and after treatment with T, of aggregating cultures from foetal forebrain in vitro (Honegger & Lenoir, 1980; Atterwill et al., 1984) . At maximal concentrations, T, or N G F increased the activity of ChAT to about 250% of the control values. However, when these substances were added together, the stimulation was about eight-fold, which is much greater than the sum of the individual effects ( Table Ib) . The results therefore indicate an interaction between the effects of N G F and T,. In summary, conditions have been established for growing cultures which are enriched in nerve cells and contain a relatively high proportion (1 5 % ) of cholinergic neurons in a chemically defined medium from the septal-diagonal band region of 17-day-old embryonic rat brain. Addition of N G F and T, to the medium enhanced the expression of ChAT activity in a dose-dependent manner. Neither T, nor N G F affected the survival of cells including the cholinergic neurons. The observations indicate an interaction between the effects of these two humoural factors.
The tridecapeptide neurotensin (Glp-Leu-Tyr-Glu-AsnLys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu) was first characterized by Carraway & Leeman ( 1973, and has since been found to elicit a wide range of central and peripheral biological effects. There is some uncertainty in attributing many of the apparent peripheral effects to native neurotensin because its enzymic cleavage, particularly at ArgH-Argq, yields a number of biotransformation products with individual biological actions (Griffiths & McDermott, 1984; St-Pierre et al., 1984) . Accordingly, only the central effects of neurotensin are considered here.
Biological data have previously been obtained for a range of neurotensin analogues. In the present study, an attempt has been made to introduce three-dimensional considerations into structure-activity relationships by examining the preferred solution conformers of four neurotensin analogues with single residue substitutions, and correlating this with their ability to reduce pupil diameter after intracamera1 injection into rabbits (Hernandez et al., 1985) .
Lowest energy conformers were identified using the LUCIFER program (Robson & Platt, 1986) , which incorporates a SIMPLEX minimization algorithm and models the solvent effects by means of displaceable-water sites positioned on potential hydrogen-bonding groups.
Native neurotensin was energy minimized from a variety of starting conformations, including the extended chain and predicted secondary structures. The lowest energy conformer identified was a loop, which formed spontaneously from the extended chain and which was preserved through further minimization in the presence of the reaction field solvent representation (Onsager, 1936) . The loop structure contains a 8-turn around the arginines at positions 8 and 9 and the prolines at positions 7 and 10, and is stabilized by hydrogen-bonding contacts between the antiparallel strands (Fig. I) . The position of the turn is of interest since it has been proposed that the central tetrapeptide sequence (Pro7-ArgX-Arg9-Pro'") of the neurotensin molecule is essential for its biological effects (Hernandez et al., 1984) , a view supported by studies on neurotensin metabolism (Dupont & Merand, 1978) . The LUCIFER program and refined parameters thus predict a more classical hairpin-like structure than the conformation proposed by Finn et al. (1984) , which is a hairpin bent over to give a compact st ruc t ure.
For computational economy the loop conformation was taken as the starting point for global energy minimization of the analogues. Subsequent deviation from the loop indicated that the analogue had other conformational preferences.
Of the four analogues tested for their ability to cause pupillary dilation (Hernandez et al., 1985) , D-Trp" -NT and I>-Tyr"-NT produced longer lasting effects than did DPhe"-NT, whereas D-Pro"'-NT was found to have no effect. The conformational analysis performed in this study has found that the analogues with substitutions at position 1 1 maintain the loop structure favoured by native neurotensin through prolonged minimization. In contrast, the loop conformer is unable to accommodate the replacement of Pro"' by its enantiomer, the structure opens up and a less compact L-shaped conformation is adopted.
The results presented here correlate well with the findings of Hernandez et al., (1985) and suggest that it is a particular orientation of the Pro7-Arg"-Argq-Pro'" section that is required for the central activity of neurotensin. A number of other neuropeptides have been studied using similar methods to those described here (Griffiths et al., 1986; R. V. Fishleigh, D. J. Ward, B. Robson & E. C. Griffiths, unpublished work; D. J. Ward, R. V. Fishleigh & A. Marsden, unpublished work), and loops also appear as common conformational features in the predicted structures of these molecules.
The study of ranges of analogues using the procedures described above may provide further insight into the relationship between conformational preferences and biological activity, and perhaps permit the rational design of new analogues to meet therapeutic needs.
